Background No appropriate measures have been specifically developed for pelvic girdle pain (PGP). There is a need for suitable outcome measures that are reliable and valid for people with PGP for use in research and clinical practice.
and no disordered threshold. Test-retest reliability showed high intraclass correlation coefficient estimates: .93 (95% confidence interval=0.86-0.96) for the PGQ activity subscale and .91 (95% confidence interval=0.84-0.95) for the PGQ symptom subscale.
Limitations The PGQ should be compared with low back pain questionnaires as part of a concurrent evaluation of measurement properties, including validity and responsiveness to change.
Conclusions
The PGQ is the first condition-specific measure developed for people with PGP. The PGQ had acceptably high reliability and validity in people with PGP both during pregnancy and postpartum, it is simple to administer, and it is feasible for use in clinical practice.
Pregnancy-related back pain and pelvic girdle pain (PGP) are common across countries, irrespective of socioeconomic factors. In general, the literature does not make a clear distinction between pregnancy-related low back pain (LBP) and PGP. There is, however, growing evidence that PGP disorders comprise a distinct subgroup with a unique clinical presentation and a need for specific management.
According to European guidelines, PGP generally arises in relation to pregnancy and pain is experienced between the posterior iliac crest and the gluteal fold, particularly in the vicinity of the sacroiliac joints. The diagnosis of PGP can be reached after the exclusion of lumbar causes, and the pain or functional disturbances must be reproducible by specific clinical tests.
For adequate evaluation of interventions, reliable and valid outcome measures are needed. It is not clear whether available measures are entirely appropriate for use in patients with PGP in clinical practice and research There are clinical grounds for classifying LBP and PGP as 2 different conditions; therefore, outcome measures that have been validated for LBP are not necessarily the most appropriate ones for PGP. It has also been reported that back pain increases during pregnancy and seems to differ from that in the general population. 7 The
Pregnancy Mobility Index was developed to reflect these concerns, but the activity items were based on literature research and clinical experience and did not include the views of patients. 7 Current outcome measures may not adequately capture the specific problems and consequences that patients describe, and there is a discrepancy between patients' scores and their feedback. Thus, there is a need for an outcome measure that is reliable, valid, and responsive to change for patients with PGP. In addition to research applications, such as randomized trials, health care professionals require appropriate measures that are feasible for use in clinical practice.
Disability and functioning are core issues in the assessment and treatment of patients with PGP, and items comprising outcome measures must reflect these important domains. Item response theory and Rasch analysis have been increasingly applied in the field of patientreported outcomes for assessment of the unidimensionality (the extent to which items measure a single construct, such as pelvic function), item difficulty (the relative difficulty of items when compared with one another), and person separation (the extent to which items distinguish between distinct levels of functioning) of a measure. This study was designed to develop a condition-specific measure, the Pelvic Girdle Questionnaire (PGQ), for use both during pregnancy and postpartum in research and clinical practice. After the application of Rasch analysis, the final questionnaire was assessed for test-retest reliability and construct validity. Figure 1 shows the various stages in the development and testing of the PGQ with different groups of people. Following is a description of the stages.
Method

Figure 1.
Stages of the study. ICF=International Classification of Functioning, Disability and Health. The Norwegian version of the Pelvic Girdle Questionnaire (PGQ) was tested.
Development of the PGQ
A structured literature search of databases, including CINAHL and MEDLINE, revealed no existing condition-specific measures for patients with PGP; therefore, development work was undertaken. In September 2008, pregnant and postpartum patients with PGP were invited to take part in a focus group that was semistructured and led by the primary author (B.S.). Items that were included in frequently used outcome measures (the Roland-Morris Disability Questionnaire, the Oswestry Disability Index, and the Disability Rating Index), that were related to the pelvic girdle areas, and that were considered clinically relevant for patients with PGP were added to those obtained from the focus group. Physical therapists working with patients with PGP were asked to record activities that they considered important for patients with PGP. The process of item development was designed to lend the new measure content validity and face validity.
Face validity and content validity were assessed by classifying the items according to the World Health Organization's International Classification of Functioning, Disability and Health (ICF), and the initial version of the PGQ was assessed in a pilot study of 5 pregnant and 5 postpartum participants. A 5-point scale with the responses "not at all," "to a limited extent," "to a moderate extent," "to a large extent," and "to a very large extent" was used for the items.
Psychometric Testing: Validity and Reliability
The participants included in this study were recruited consecutively by physical therapists working with patients with PGP in Oslo, Norway. All potential participants were examined by a physical therapist and assessed with the following recommended inclusion criteria: PGP located distal, lateral, or both in relation to the L5-S1 area in the buttocks, in the symphysis, or both, with pain onset during pregnancy or within 3 weeks after delivery. Fulfillment of the diagnostic criteria was based on the following tests: posterior pelvic pain provocation test, active straight-legraising test, pain provocation of the long dorsal sacroiliac ligament, and pain provocation of the symphysis by palpation and by a modified Trendelenburg test. The posterior pelvic pain provocation test or the active straight-legraising test had to be positive on the right side, left side, or both sides, and at least 1 of the other 3 tests had to be positive. Participants were asked to complete the initial version of the PGQ at home and return it along with sociodemographic information and the Patient-Specific Functional Scale in a prepaid reply envelope. Rasch analysis was used for item reduction of the initial version of the PGQ.
After the pilot study in autumn 2008, the Norwegian version of the PGQ was administered by means of a postal questionnaire to 94 participants with PGP (52 pregnant and 42 not pregnant). The PGQ was revised and included in a second postal survey (spring 2009) of 87 participants with PGP (43 pregnant and 44 not pregnant). With the exception of 13 postpartum participants who also completed the first questionnaire, the participants in the second survey were new participants. Test-retest reliability was assessed with a random sample of 42 participants (21 pregnant and 21 not pregnant) who completed the revised questionnaire within 1 week. Finally, 5 participants with PGP were asked to comment on the final version of the questionnaire, including the time needed to complete it. Written informed consent was obtained from all participants.
Statistical Analysis
Items for which a third of the data or more were missing or for which "not applicable" responses were made were considered for removal from the questionnaire. Data were analyzed with SPSS (version 14)* and RUMM2020 (www.rummlab.com).
The questionnaire was assessed for unidimensionality, item fit, redundancy, and differential item functioning (DIF) with the Rasch model, 8 which implements an unconditional maximum-likelihood procedure. This model assumes that the probability of a person affirming a trait, for example, functioning, in an item of a measurement depends on the person's level of that trait (θ) and the level of functioning required by the item (b). A model with several response categories is expressed as follows:
In this equation, P ni is the probability that a person n will affirm the item, θ n is the person's level of the trait, b i is the level of the trait expressed by the item, and τ i represents the .5 probability point (threshold) between adjacent response levels for that item. In this case, it is assumed that as a person's disability increases, the probability of a maximum score on the item increases.
Participants and item scores were used to "calibrate" items on a logit scale, which indicated difficulty level. Items at one end of the scale were "easier," and items at the other end were more "difficult." The difficulty of individual items was determined by the frequency of endorsement. In the present analysis, items with a negative calibration were less difficult, that is, indicated less disability. A logit is the natural log-odds of the level of difficulty of a particular item in relation to all other items in the scale (hierarchy).
Rasch analysis also constructs a hierarchy of the respondents ordered by their level of disability. Unidimensonality refers to the single underlying construct assessed by items that form a scale within a measure or questionnaire. The adequacy of the fit of each item to the Rasch model is assessed by the overall model fit, individual person fit, item fit, thresholds of the response categories, DIF and, finally, a check for local independence (multidimensionality).
The likelihood ratio test was used to assess whether a rating scale model or an unrestricted model was appropriate. The overall model fit for the scale was given by Bonferroni-adjusted chisquare item-trait interaction statistics. A nonsignificant probability value indicated that there was no substantial deviation from the model and that the hierarchical ordering of the items was consistent across all levels of the underlying trait.
The person separation reliability index, which is equivalent to the Cronbach alpha, indicated the power of a scale to discriminate among respondents with different levels of the trait being measured; values of .8 and .9 indicated that the scale could statistically discriminate among at least 2 and 3 groups, respectively. Misfit of the model can be due to both misfitting respondents and misfitting items. The individual respondent fit and item fit were assessed by inspecting the means and standard deviations of the separate fit residuals. If the items and respondents fit the model, a mean value of 0 and a standard deviation of 1 were expected. Misfitting items were identified by fit residuals of greater than ±2.5 or a significant chi-square probability value. 8 For each item, the ordered set of response thresholds and the category probability curves were inspected. Disordered thresholds were corrected by rescoring the items.
For the assessment of potential bias across groups of respondents, DIF was analyzed for the final version of the questionnaire in relation to age (<30, 30-37, or ≥38 years), pregnancy (yes or no), work status (employed or not), and level of education (≤12 years or >12 years). Two types of DIF, uniform and nonuniform, could be identified. Uniform DIF indicated that 1 subgroup displayed a consistently greater ability to confirm an item than another subgroup (analysis of variance [ANOVA] main effect). Nonuniform DIF indicated that the ability differences among the subgroups were inconsistent (ANOVA interaction effect).
Principal components analysis of 2 subsets of the residuals was used to assess potential multidimensionality. The absence of any meaningful pattern in the residuals supported the assumption of local independence and unidimensionality of the scale. The component loadings of 2 subsets of items were compared, and a paired t test was used to determine whether the associated person estimates were significantly different from that derived from all of the items. Differences in the person estimates between the subsets and the fullitem scale would indicate a breach of the assumption of local independence and unidimensionality.
Test-retest reliability was assessed with the intraclass correlation coefficient.
14 An intraclass correlation coefficient of .80 or more was considered to be evidence of test-retest reliability. Repeatability was assessed by calculating the standard error of measurement between test and retest scores (calculated as the square root of the mean square error or residual in the ANOVA table), and the 95% confidence interval for repeatability was calculated by multiplying the standard error of measurement by 2.77. 14 This value is the smallest amount of change between 2 scores that must be observed before the change can be considered to exceed the measurement error and is frequently referred to as the minimum detectable change.
14
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Results
Development of the PGQ
The focus group and physical therapists working with patients with PGP provided 46 items for the initial Norwegian version of the PGQ. The pilot study resulted in minor changes of wording in the difficulty scaling. Table 1 shows the 46 items classified according to the ICF. The majority reflected different domains of the activity/participation component of the ICF, whereas 6 items were related to body functions. Because of the differences in these theoretical constructs, the domains were analyzed separately.
Data Collection
All of the people invited to participate in the 2 surveys responded. A total of 94 people responded to the first survey, and 87 responded to the second survey. The characteristics of the participants are shown in Table 2 . The mean age was 34 years (SD=5.6) in the first survey and 35 years (SD=5.0) in the second survey. The initial 46item measure had low levels of missing data, and none of the participants reported the items to be not applicable. 
Statistical Analysis: First Survey
In the initial analysis of the 40 activity items, the likelihood ratio test was highly significant (P<.0000001); thus, the unrestricted model was applied. The first Rasch analysis indicated that the 40 initial items were not unidimensional because there was a misfit with the Rasch model (chi-square value of 128.9, with Bonferroni-adjusted level of significance of P=.0004). The initial person separation reliability index was high (.95). Eight participants had extreme scores outside the fit residual limits of ±2.5, and 1 item ("travel by car") was redundant (fit residual=2.91). Several of the items (13/40) had disordered thresholds, suggesting that for many of the questions, the participants were not able to distinguish among 5 response levels of disability (Tab. 1).
On the basis of further Rasch analyses, items with similar locations (reflecting degree of difficulty), redundant items, or both were excluded to achieve an instrument with fewer items (Tab. 1) . The initial 40-item scale was thus subsequently reduced to 20 items. The 20-item solution showed an excellent fit to the Rasch model (chi-square value of 37.8, with a Bonferroni-adjusted level of significance of P=.57); the item mean was 0.00 (SD=1.67), with a fit residual of 0.32 (SD=0.81), and the person's mean location was 0.17 (SD=0.88), with a fit residual of −0.02 (SD=0.92). The person separation reliability index was .89. However, 5 of the 20 items (items 5, 9, 24, 25, and 34) had disordered thresholds, and the category probability curves showed that there were difficulties in discriminating among 5 response levels. Hence, a 4-level response category was adopted for the 20-item version. The unrestricted model was also applied to the 6 symptoms items. The first Rasch analysis of these 6 items revealed a borderline fit to the Rasch model (chi-square value of 25.7, with a Bonferroni-adjusted level of significance of P=.01), and the person separation reliability index was acceptable (.80). However, 6 participants had extreme scores, and 1 item ("stress") did not fit the model (fit residual=3.16). After exclusion of the misfitting respondents and item, the remaining 5 symptom items showed a good fit to the Rasch Table 3 .
Fit Statistics for the 20 Activity and 5 Symptom Items Shown in Order by Location (n=87) a model (chi-square value of 8.0; P=.63), indicating a unidimensional construct of the symptom subscale. The person separation reliability index was .73. Furthermore, the item mean was 0.00 (SD=1.28), with a fit residual of 0.41 (SD=1.38), and the persons' mean location was 0.42 (SD=1.11), with a fit residual of −0.22 (SD=0.94). None of the 5 items had disordered thresholds.
On the basis of these results, 20 and 5 items were retained in the activity and symptom subscales, respectively. The 2 PGQ subscales were harmonized through the use of a 4-point response scale in the second survey. The items in the Patient-Specific Functional Scale selected by more than 10% of the participants were "walk" (61%), "housework" (53%), "sit" (23%), "carry" (22%), "bend down" (19%), "exercise" (19%), "stand" (17%), "run" (15%), "push object" (12%), "lift" (11%), and "walk stairs" (11%). All of these items were included in the 20-item activity subscale of the PGQ.
Statistical Analysis: Second Survey
The main results of the second survey are shown in Table 3 . The 20 activity items showed a good fit to the Rasch model, with a chi-square value of 49.5 and a P value of .145 (Bonferroni adjusted: .05/20=.0025). All items had satisfactory fit residuals, in the range of −1.41 to 2.27, and the item difficulty levels ranged from −2.87 (most difficult items) to 3.12 (least difficult items). The person separation reliability index was high (.86).
The mean logit for the 87 participants was −0.19 (SD=1.24), indicating that the participants had an ability level slightly higher than the difficulty level of the scale. Despite the fact that 5 participants had extreme scores outside the limits of ±2.5, the calibrated participant ability level and item difficulty maps of the 20-item activity subscale revealed a good match between the difficulties of the items and the participants' levels of function (Fig. 2) . The bars in the upper part of the graph in Figure 2 represent groups of participants and their ability levels, and the bars in the lower part of the graph represent the item locations and their distribution. Both participant ability and item difficulty levels are shown on the same linear scale (logit scale). A few items are located in the same place, in terms of difficulty, and this situation is represented as 1 block on top of another. Figure 2 shows that none of the participants had scores outside the range of measurement assessed by the scale. Therefore, there was no ceiling or floor effect, as shown by the distribution in Figure 2 . The item "carry out sporting activities" had disordered thresholds. The threshold ordering for the 20 activity items was adequate after we collapsed the 2 highest scores on the "carry out sporting activities" item.
There was no uniform DIF for any of the subgroups, except for pregnancy and the items "dressing" and "push an object." When we adjusted for the uniform DIF by splitting the 2 items for pregnant and postpartum participants, the fit statistics were still excellent. There was a nonuniform DIF for pregnancy and the items "dressing," "walk less than 10 minutes," and "push with one foot," and there was a nonuniform DIF for level of education and the items "walk less than 10 minutes" and "carry out sporting activities."
The 2 subsets of items with positive and negative loadings on the first residual component were separately fitted to the Rasch model, and the person estimates were obtained. The difference between these 2 subsets was not statistically significant, supporting the unidimensionality of the final 20item activity subscale. The 5 symptom items showed a reasonably good fit to the Rasch model (chi-square value of 21.8; P=.03), with fit residuals in the range of −2.02 to 1.71 and item difficulty levels in the range of −2.32 to 0.53 (Tab. 3). The mean logit for the 87 participants was 0.66 (SD=1.19), with a fit residual of −0.21 (SD=0.91). The person separation reliability index for the 5 items was .64. None of the participants had extreme scores (with fit residuals beyond ±2.56). The calibrated participant ability and item difficulty maps of the 5-item symptom subscale showed no floor or ceiling effect (Fig. 3) , and none of the 5 items had disordered thresholds. Furthermore, there was no uniform DIF for age group, pregnancy, work Person-item threshold location distribution for the 20 activity items. status, or level of education. There was 1 nonuniform DIF for pregnancy and the item "sense of leg(s) giving way." Testing of the dimensionality of the final 5-item symptom subscale confirmed that it was unidimensional.
Figure 3.
Person-item threshold location distribution for the 5 symptom items.
Test-Retest Reliability
Test-retest reliability was based on data from 42 participants (21 pregnant and 21 not pregnant) who completed the PGQ within 1 week in the second survey. The mean differences between the 2 measurements were 1.17 (SD=7.37) for the 20-item activity subscale and 0.48 (SD=10.14) for the 5-item symptom subscale. The intraclass correlation coefficients for rescoring were .93 (95% confidence interval=0.86-0.96) for the 20-item activity subscale and .91 (95% confidence interval=0.84-0.95) for the 5-item symptom subscale. The standard errors of measurement between the test and retest scores were 5.21 for the 20-item activity subscale and 7.17 for the 5-item symptom subscale. Therefore, the repeatability values, including the 95% confidence intervals, were 14.43 for the 20item activity subscale and 19.86 for the 5-item symptom subscale.
Discussion
The PGQ is a condition-specific, patientreported outcome measure designed to assess aspects of quality of life for the evaluation of treatment outcomes that are important to patients with PGP. Evidence for the appropriateness of the PGQ for patients with PGP, in terms of acceptabilit y, data quality, reliability, and validity, has been obtained. Moreover, the questionnai re is simple to administer, takes just 3 minutes to complete, and is feasible for use in clinical practice.
Treatment outcomes in clinical physical therapy research and evidence-based practice must be evaluated by measures that are reliable, valid, and responsive to changes in health. To our knowledge, the PGQ is the first condition-specific measure for PGP, and the present study provided evidence for its appropriateness. A major strength of the present study is that data were collected from people with clinically confirmed PGP. Studies have found differences in the perceptions of clinicians and patients regarding impact of disease, treatment outcome priorities, and values of various outcomes. Traditional clinical measures are commonly based on clinical opinions and, therefore, lack content validity from the perspective of patients. The perspective of patients regarding how their conditions or diseases affect their lives must be considered in the development of measures that are designed to assess health status and outcomes of importance to recipients of health care. The content of the PGQ was based on information from a focus group and input from experienced physical therapists. Moreover, the focus group comprised a representative sample of people with PGP with regard to age and duration of PGP. The severity of symptoms can influence the relevance of various outcomes; thus, the participants had a wide range of symptom severity. The collaboration between physical therapists providing health care to women and researchers with experience in patient-reported outcome measures was a further strength of the present study. In addition, the response rate was high, as in a previous study of PGP.
Previous studies of PGP used questionnaires that were developed for patients with LBP and therefore may not be adequate for patients with PGP. Pelvic girdle pain is considered to be a condition different from LBP 1 ; thus, functional disabilities in patients with PGP may differ from those in patients with LBP. Items similar to those in the PGQ are found across LBP questionnaires, but all of the PGQ items are not found in any single one of these questionnaires. Hence, the PGQ has greater content validity from the perspective of patients with PGP. The PGQ will be compared with LBP questionnaires as part of a concurrent evaluation of measurement properties, including validity and responsiveness to change.
During the pilot stage of questionnaire development, we identified 3 functional activities that are not included in measures commonly used for LBP: "push a shopping cart," "legs/leg(s) giving way," and "push something with one foot." The "pulling a mat" test, in which a patient performs standing hip abduction and adduction, was found to be highly sensitive for anterior PGP in a recent study. The Patient-Specific Functional Scale showed that 61% of participants (73% pregnant and 48% postpartum) reported problems with walking. Similarly, 81% of postpartum patients with PGP reported pain associated with walking in another study.
Physical therapists commonly treat patients with PGP during pregnancy and in the postpartum period. Therefore, there is a need for an outcome measure appropriate for both stages. 6 Our analysis showed that participants reported difficulties with the same functional activities both during pregnancy and postpartum. The grading of difficulties, however, differed because participants who were pregnant presented with more severe problems. Thus, the PGQ is an appropriate outcome measure for patients with PGP during pregnancy and in the postpartum period. Our analysis showed that the PGQ comprises both activity and symptom subscales and includes items relating to functional disability, physical symptoms [such as "legs(s) giving way" and "do things more slowly"], pain, and sleep. Both morning pain and evening pain are included because of evidence that patients with PGP have markedly worse evening pain. It is an advantage for a single measure to cover both function and pain in PGP for use in both research and clinical applications.
Compared with generic instruments, such as the Medical Outcomes Study 36-Item Health Survey
Questionnaire, condition-specific instruments, such as the PGQ, have greater relevance to patients and clinicians and are usually more responsive to changes in health and quality of life after care for the health problem of interest. However, the 2 approaches are complementary, and the PGQ is brief enough for use alongside generic instruments, which have a greater potential to measure side effects or unforeseen effects of care and are suitable for comparisons of outcomes for other patient populations.
The PGQ was developed and tested in Norwegian and has undergone a process of forward-backward translation in accordance with recommendations for questionnaire translation (Appendixes 1). The questionnaire is recommended for application in different cultural settings after forward-backward translation when necessary and assessment of cross-cultural equivalence.
The PGQ is designed to evaluate treatment outcomes for patients with complaints associated with PGP. The questionnaire includes items relating to 2 scales (activity/participation and body functions [symptoms] ) and is acceptable for use both during pregnancy and postpartum in patients with PGP. Evidence for the data quality, internal consistency, fit to the Rasch model and, internal validity of the PGQ has been obtained. Future research is needed to assess the responsiveness to change of the PGQ.
Appendix 1.
Pelvic Girdle Questionnaire (English Version) a a Scoring procedure: the scores were summarized and recalculated to percentage scores from 0 (no problem at all) to 100 (to a large extent).
